INTRODUCTION
Of the various factors contributing to suboptimal productivity of small ruminants, disease conditions appear to cause substantial economic losses (2, 6) . The available data on diseases of small ruminants, however, are fragmented and statistically invalid, and do not represent the whole spectrum of health problems of small ruminants in many South Asian countries. Despite realisation of the need for valid estimates of the incidence of health problems in small ruminants in Pakistan (1, 5) , no cross-sectional or longitudinal field investigation has been conducted. Knowledge of disease can be gained from either ad hoc surveys or specifically-designed follow-up studies, depending on the purpose for which data are needed (13) . Many veterinary disease information systems rely on specifically-designed studies (4) . Various organisations throughout the world, involved in research and control in the field of animal diseases, are becoming increasingly aware of the need for valid information on the occurrence, trends and economic impact of diseases. Such data must be available to enable improvements in the health and productivity of animal populations world-wide (9) .
To this end, a pilot study was initiated in a 'rain-fed' area of Punjab (Pakistan), where the rearing of small ruminants is an integral component of the agricultural economy. The general objective of this study was to investigate and establish the relative importance of the incidence of various health problems as perceived by farmers and veterinary stock assistants under field conditions. The specific aim of this study was to implement a specially-designed on-farm monitoring system, and to quantify the threeyear incidence risk of various disease conditions of small ruminants. It is hoped that the results of this study could form the basis for a more rational planning of disease control and might suggest areas for future research.
MATERIALS AND METHODS
The study was conducted in three sheep herds and three goat herds in the Fateh Jang area of Attock district (Pakistan). During the study period, the rolling average of the total adult population of all six herds combined was 704 head. These herds were a sample of convenience, as the owners expressed a willingness to co-operate and maintain the required records during the study period, but they also represented the typical feeding and breeding management systems for small ruminants in the region. A veterinary stock assistant was trained to collect data on a health card designed for each animal. The data were recorded between April 1989 and March 1992 by a veterinary stock assistant stationed in the study area, and were collected by investigators during weekly visits. The recorded data consisted of all health-related events occurring after the initiation of the study. At the beginning of the study, the sheep and goats were determined to be disease-free by clinical examinations. Reported disease occurrences were not necessarily confirmed by veterinary diagnosis. The unit of concern was an 'animal year'. The health problems were recorded, along with dates of occurrence. If an interval of fifteen days or more elapsed between two occurrences of the same problem, the event was recorded twice; otherwise, only the first occurrence was considered for analysis. If the death of the animal was preceded by some clinical manifestation, both events were recorded separately. The events recorded and their composite definitions are presented in Table I .
The incidence density (ID) method (10, 11, 12) was used as a measure of monthly disease frequency for the individual herd. This method is used in dynamic populations as, when there is a high turnover of animals, multiple cases can occur in the same animal within a month and therefore no individual animal data are used. Annual risk (aRjl) of disease x for species j, year l was calculated as follows:
Three-year risk of disease, R, (t1, t3), was calculated as follows Three-year probability of recurrence of each health problem was estimated as follows:
no. of animal years where the problem occurred twice or more three-year probability = no. of animal years where the problem occurred at least once
The time (in days) to first occurrence of each health problem after initiation of the study was also recorded, to determine the seasonality of occurrence.
Odds ratios (10) were used as a measure of the associations between various health problems.
RESULTS
The three-year incidence risk, three-year recurrence probability and median time to first occurrence of various health problems in adult sheep and goats are presented in Tables JI and III, respectively. .
In adult sheep, the highest three-year risk of occurrence was observed for diarrhoea, cough/nasal discharge, laboured breathing with elevated body temperature, enterotoxaemia, enteritis and abortion/stillbirth. Three-year recurrence probabilities in sheep were highest for diarrhoea, cough/nasal discharge, tympany, enterotoxaemia, and laboured breathing with elevated body temperature. The median time to first occurrence for these health events was quite variable and was generally seasonal.
A similar trend of occurrence was recorded in goats, but the three-year incidence risk of occurrence of digestive, respiratory and reproductive disorders was generally higher in goats than in sheep.
In sheep, significant association was found between the syndromes abortion/stillbirth with metritis and abortion/stillbirth with prolapse. A strong positive association was also recorded in sheep between diarrhoea, tympany, accidental injury, respiratory distress and death (Table IV) . A similar pattern and magnitude of associations was recorded in goats (Table V) .
DISCUSSION
Herds were selected using convenience sampling, as no complete list of sheep and goat herds was available (and therefore genuinely random selection was impossible), and as a high degree of co-operation was required from producers.
In prospective studies of dynamic populations, incidence rates are estimated by either the actuarial or density method. In addition to a numerator, denominator and constant (e.g. 100 or 1,000), these rates also have an internal time component (ITC). Disease rates also have an external time component (ETC), namely the length of the study period: the ITC is therefore less than or equal to the ETC. A basic rule in choosing the ITC is that each animal can only experience an event of interest once during a time period, and ceases to be at risk after the event of interest occurs and for the duration of the ITC. The ITC is shortened sufficiently to handle multiple occurrences. In veterinary medicine, relatively short periods (e.g. days or months) are appropriate (11) .
Small ruminants are predisposed to digestive disorders, due to nutritional imbalance (4); this is further complicated by variable parasitic load, and bacterial and viral infections (8) . No published disease incidence data for small ruminants in Pakistan are available for comparison of these results.
Three-year recurrence probabilities were also higher for disease conditions which had high three-year risk of occurrence, e.g. diarrhoea/enteritis, enterotoxaemia and respiratory distress. This might be due to inappropriate and/or inadequate treatment of incident cases, resulting in only temporary cure of animals. Also, some clinical manifestations, which presumably had infectious aetiology and seasonal occurrence, are not prevented by immunisation and appropriate preventive management measures (e.g. protection from cold and correct level of feeding). This may contribute to an 
Associated health problems Odds ratio
Abortion/stillbirth with:
-metritis/vaginitis 1.9 -prolapse (vaginal/uterine) 1.6
Diarrhoea/enterotoxaemia followed by death 2.1
Tympany followed by death 5.6
Laboured breathing and temperature followed by death/culling 3.2
Accidental injury followed by death 23.4 Diarrhoea/enterotoxaemia followed by death 1.8
Tympany followed by death 7.8 Laboured breathing and temperature followed by death/culling 3.1
Accidental injury followed by death 13.2 increased recurrence probability of these conditions. Time to first occurrence of health problems was recorded in an attempt to determine the seasonality of occurrence of various health problems. This knowledge can aid in the design of appropriate vaccination programmes and other preventive measures. Most of the digestive disorders tended to occur during periods when there was a scarcity of green fodder and shortage of available grazing, while the risk of reproductive disorders was high during the lambing and kidding season. Similarly, risk of occurrence of respiratory disorders was greater during severe winters. Seasonal occurrence of these health problems due to such factors has also been reported in large ruminants in Pakistan (3,7).
Associations of moderate strength were recorded between abortion/stillbirth with vaginitis/metritis and abortion/stillbirth with prolapse in both sheep and goats. This seemed to indicate that infectious aetiology of abortion tended to be prolonged if this was not treated in a timely and adequate manner. It is therefore essential that infectious causes of abortion be investigated.
Relatively stronger associations were found between digestive disorders and death, and between respiratory distress and death. Thus these two types of health problems appear to be the most important causes of mortality in both sheep and goats, inflicting heavy economic losses. It would be useful to conduct longitudinal epidemiological studies with accurate microbiological isolation attempts, to define more precisely the role of various infectious agents in digestive and respiratory disorders. The results of this study corroborate the findings of an earlier report on heavy losses through high morbidity and mortality in small ruminants (5).
Accidental injuries were also an important source of loss in both sheep and goats, and can be substantially minimised by proper management of herds.
CONCLUSION
An efficient disease monitoring system should report disease frequencies in terms of classified groups of disease entities. Disease monitoring activities in livestock populations can range from recording disease prevalence in cross-sectional studies to
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calculation of disease incidence rates in multiple dynamics cohorts (herds) in prospective studies. The cost of these approaches varies in terms of both time and money. The latter method, however, provides a true picture of the disease spectrum of the target population, which may be used for rational planning of disease control. The present study reports the application of a cost-effective approach to disease monitoring in small ruminants, which is adaptable to most of the developing countries in the South Asia region. 
